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Abstract 
The enterprise safety culture index system, which mainly consists of enterprise decision-making level, management 
level, implementation level, and external environmental factor, is constructed based on human errors theory. Then, a 
corresponding enterprise safety culture evaluation model adapting to the characteristics of this index system is 
presented with consideration of the constraint condition of data and by taking full use of the advantages of factor 
system restructuring analysis and principal component analysis in data processing; The model provides an operable 
way for evaluating the enterprise safety culture. Further, the model is to make up for the gaps of enterprise safety 
culture evaluation.  
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1.  Introduction 
As China's rapid economic development, frequent accidents, they take the people’s the production and life 
to a huge loss. How to effectively reduce production accidents, improve the overall safety awareness and 
universal behavior is the harmonious development of our society urgently needs. The enterprise safety 
management is the all employees’ awareness of safe and behavior management, and safety culture 
influence human behavior and consciousness at a deeper level [1], which show that safety culture is the 
fundamental guarantee to achieve safety management, the establishment of enterprise safety culture and 
safety culture evaluation of existing enterprises is particularly important. 
At present, Chinese scholars’ study in the enterprise culture evaluation is so much. Bai Liu, Pei Chen 
and Gui Fu [2] base on the SEM diagnosis and evaluation safety climate research; Majunjie Si [3], Weimin 
Chen [4] respectively from the safety of the cultural system and risk control management morphological 
criteria, design management standards of enterprise safety culture the corresponding evaluation index, 
using scores level method for brief evaluation. Jinguo Chen [5] according to the principle of the balanced 
scorecard establishes a enterprise safety culture evaluation model of the balanced scorecard, weighting 
score results. Junyong Wu [6] applies artificial neural network model to the electric power enterprise's 
safety culture, for BP neural network evaluation of the selected plant safety culture. 
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Current enterprise safety culture evaluation results can be checked and assessed; in the design of 
enterprise security culture index system evaluation standard of quantification, and others .This field of 
study still has a broad space. On account of the conceptual model which based on the theory of human 
errors in the assessment of enterprise safety culture [7], factor system reconstructing analysis and principal 
component analysis of enterprise safety evaluation model are given a workable path. 
2. Paragraphs of Enterprise Security Culture 
The concept of safety culture originated in the 20th century, 80 years of international nuclear industry, 
1991 International Atomic Energy Agency (IAEA) [8] for the first time defines a "safety culture" concept, 
and the establishment of a nuclear safety culture, the ideological construction of the nuclear strategy. Since 
then, the concept of safety culture is introduced from high-tech field to traditional industries, and gradually 
formed a general sense of safety culture. Safety culture [1] is every individual or organization engaged in 
the production, life and other social activities, the creation of safety heritage and values, ideas, knowledge, 
attitudes, institutions, behavior patterns, the sum capacity. It reflects the personal responsibility for safety, 
and through continuous learning and communicating with each other to adjust and improve the behavior of 
individuals and organizations, to gradually enrich optimization. Safety culture as an abstract and complex 
concept, it is the sum of the employees’ safety values, and enterprise safety management as a management 
behavior is a manifestation of the employee’s safety values. Therefore, the study of the enterprise safety 
culture is very important; it is the direction that formats the enterprise management system, and clearly the 
goal of building enterprise safety. 
3. Evaluation Method of Enterprise Security Culture 
3.1 Factors System Reconstructing Analysis and Principal Component Analysis 
Principal Component Analysis [9] aims at simplifying the mute-index to few integrated indexes, by use 
of dimension reduction’s idea and mathematical transformation. It can also make the problems simple and 
intuitionist by transferring the high dimensional problem to low dimensional problem. Moreover these few 
integrated indexes are independent of each other and keep almost information from the original indexes. 
Factor system Restructuring Analysis [10] aims to reflect the extent of the propinquity between the 
assumed system and the original system, by working out the nature function value of the assumed system, 
which consists of factors level and index level. The less the propinquity extent is, the more obvious the 
effect (relativity or resemblance) is; vice versa. Factor restructuring analysis offers a more simple and 
practical method to find major factors. It could not only show the major factor’s or major factor group’s 
level, but also sort order according to the weightiness of all factors’ levels. In addition it can be worked out 
the quantitative value according to its importance. Hence this method can be made use of the integrated 
appraisal and applicability analysis. 
3.2 Applicability 
The principal component analysis is an important method of multivariate statistical analysis for data, 
mainly for linear dimension, filtering compressed, and the noise data. The principal component analysis on 
the analysis of the calculation process completed following three aspects: eliminate the influence of the 
original variables, determine the weight of comprehensive evaluation for, and reduce the comprehensive 
evaluation index dimension. 
The enterprise safety culture index system and enterprise security culture index system constructed in 
this paper is composition of triple indicators. Enterprise security culture index system has 5 first grade 
indexes, 18 second grade indexes, and 60 third grade indexes. Due to the index system of the variables 
involved in more, and the correlation between each other, reflects the observation data in a certain extent 
information providers. Therefore, it is necessary to first using principal component analysis to reducing 
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dimension, and through dimension index reflects its objective weight information, which tends to be fair 
and reasonable evaluation results. 
Factors involved in factors reconstruction analysis solve various factors, the index of the mathematical 
relationship between logic and the complexity of the problem. This is other mathematical model and 
economic research methods difficult to achieve. Also factors reconstruction analysis has the following 
features:
1) Don’t need very accurate data: Just distinguish ranks’ high or low and good or bad of the facts and 
indexes, can be analyzed, suitable for assessment and prediction problem of complex system with 
quantitative relationship. 
2) Don't need a large amount of historical data also don't need to test according to the strict regulation, 
can calculate according to existing master or pre constitutive scheme.  
3)  Simple and quick calculation. As long as input application instructions requirements of the 
gathered state behavior’s related data in table function can be calculated results, and can display or print a 
few of the most important factors level, also can output numbers on basis of index, factor levels etc. 
Due to the enterprise safety culture evaluation in China is still in the stage of exploration, lacking of 
corresponding history data and material. The safety culture index system constructed in this paper has the 
characteristics of combining qualitative indexes and quantitative indices. And many qualitative indexes’ 
achievement of quantitative data relies on the investigator through field observation and interviews and 
other methods. Hence in a degree it is uncertainty and fuzziness. The characteristics and function of factors 
reconstruction method can help researchers do reasonable scientific evaluation for enterprise's safety 
culture in the above-said conditions, in order to achieve the ideal evaluation results. 
Above analysis, the application conditions and advantages of principal component analysis and factors 
reconstruction analysis method have a good correspondence with the needs of enterprise safety culture 
evaluation. Therefore, using the principal component analysis and factors reconstruction method to 
evaluate enterprise security culture has good applicability. 
4. Evaluation Model of Enterprise Safety Culture Based on Factor Restructuring 
4.1 Index System of Enterprise Safety Culture 
TABLE I. ENTERPRISE SAFETY CULTURE INDEX SYSTEM 
First grade
indexes 
Second grade
indexes Third grade indexes 
First grade
indexes
Second grade
indexes Third grade indexes 
Decision 
making level 
Belief and Value 
Form of the concept
Implementation 
level 
Responsibility 
and Attitude 
Safety honor
Goal specificity Sense of safety
Role models Cognitive safety regulations 
Awareness and 
Policy 
Emergency plan of
sophistication
The attitude of the
regulators 
Safety resource 
allocation
Feedback and 
Spreading 
Active feedback Emphasis on safety 
issues 
Meeting attendance Feedback channel
The degree of sound
policy
Establishment of self-
safety system
Mutual safety and 
accountability Establishment of non-
punishment mechanism
Revise safety system 
Operational policy The establishment ofsecrecy
Processing time of the
accident The soundness of media organizations 
Learning and 
Training 
Knowledge level
Complete degree 
training program
Learning and 
Training 
Degree of autonomous
learning
Training ratio Concern about safety issues 
Management 
level 
Awareness and 
Attitude 
Regular safety 
education activities Experience sharing 
Education activities for
major events
Attention among 
colleagues 
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Activity rates of major
festivals Importance of training 
Commitment and 
Communication 
The feasibility 
and  
clarity commitment
Positive degree of 
training 
Employee safety 
concern 
External cause 
Policy 
environment 
Soundness of the
national safety 
regulations 
Range of safety 
commitment Soundness of the industry’s safety 
regulations Sharing safety experience
Communication
frequency
Supervise 
Environment 
State supervision 
System and Award 
or Punish 
The integrity of the
system and procedure Supervision where the 
enterprise The award of report 
Operability of the
system
Supervision of
enterprises 
Award of the part-time
employees Working
Environment 
Production status 
Advanced award Specifications soundness 
Fair degree of reward
and punishment Local environment 
Human environment 
Safety responsibility Natural environment
Learning and 
Training 
Training frequency of
concept
Persistence 
Establishment of continuous system 
Policy tracking Consistency of the importance of safetyawareness 
Diversification of the
form of training The level of awareness of safety management 
effectiveness Improvement of safety
environment
Encourage learning The degree of communication betweendepartments 
4) Feature of evaluation index of enterprise safety culture 
For objective and scientific assessment of the enterprise safety culture, it needs to analyze deeply the 
evaluation system of the enterprise culture. Through in-depth research results of previous studies, 
considering the current the gaps and deficiencies in the enterprise safety culture evaluation, the evaluation 
index system of enterprise safety culture has been designed. From the point of Evaluation model, this 
indicator system has the following characteristics: 
a) Evaluation system is posed by the large number of large and complex indexes. The enterprise safety 
culture includes 5first grade indexes, 18 second grade indexes and 60third grade indexes. 
b) Quantitative and qualitative indexes compose the comprehensive evaluation system. In order to give 
complete and objective reflection of all aspects information of enterprise safety culture, this paper 
describes the enterprise safety culture from the qualitative and quantitative aspect, therefore the need of 
aggregating and integrating the information of the qualitative and quantitative. 
c) As an enterprise security environment is influenced by much complex internal open system, so the 
relationship between levels of indexes is not quite sure, rather ambiguous. 
d) In China evaluation of enterprise safety culture is still in the initial and exploratory stage, there is no 
direct use of historical data. Raw data is that first hand data obtained basically through field observation, 
depth interviews questionnaires. 
4.2 The Evaluation Model of Enterprise Safety Culture 
5) The establishment of evaluation model of enterprise safety culture 
Based on evaluation index system of enterprise safety culture of the above characteristics should be 
targeted to build model for the scientific evaluation. Specific for: 
a) In order to solve the index system of large, hard to avoid information duplication, the choice of 
principal component analysis of indexes on the index system integration, removing the overlapping part of 
the information, and strengthen focused indexes, so that the index system is more simple and concise, 
while fully information reflecting the enterprise safety culture. 
b) Considering that index system of the enterprise safety culture is a comprehensive evaluation system 
composed by the number of qualitative and quantitative index. This paper uses comprehensive integration 
factor reconstructing analysis method, qualitative and quantitative information flow in different ways to 
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process the input into the system, the formation of aggregation behavior of the overall system function 
table, and then a comprehensive evaluation. 
c) Evaluation of enterprise safety culture at all levels of the complex relationship between indexes, 
fuzzy, uncertain, and there is no historical data can be directly used such constraint is precisely 
comprehensive integration of factor system restructuring analysis can make the power method to play its 
due role, and fully shows the method of treatment of the complex relationship between logic and 
mathematics problems and the small sample space was a unique advantage. 
Based on the above analysis, this paper builds the evaluation model of enterprise safety culture, figure1. 
In this model, taking into account the enormous complexity of the index system of proper integration of 
merging, to reflect the focused and do not overlap information; also adapt to the current safety culture in 
our evaluation of the constraints .At the same time, the use of appropriate calculation software is simple 
and easy to make the evaluation line, can be expected in the actual evaluation of the evaluation and achieve 
more desirable results. 
Figure 1. Enterprise safety culture model flow figure 
6) The basic steps of evaluation 
According to Table 1set 43 three indexes, draw to the specific value as the raw data ijx .Based on take 
quantitative analysis and evaluation. 
1) Processing the raw data ijx of 43 third grade indexes, it’s according to formula (1) into the standard 
index value *ijx ;
),...,2,1;,...,2,1(2
* mjni
xx
x
ij
ijij
ij ==
−= σ
                (1) 
In the formula (1), ijx and
2
ijσ  are stand for the average and variance of the ijx
2) Find *ijx standardized indexes of pairwise correlation coefficients, and get correlation coefficient 
matrix mmij
rR ×= )(
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3) Find the eigenvalues of the correlation matrix R; find the descending order according to the 
scheduled cumulative contribution rate ∑
=
n
i
i m
1
λ (usually cumulative contribution rate of 85% or more is 
preferred). Determine the number )( mpp ≤ of principal components and obtain corresponding to the 
contribution rate, the cumulative contribution rate and eigenvectors. 
4) The extracted principal components re-integrate the index system, and according to the definite 
interval and level value to calculate the proximity of the each index to the level value. 
ikik
jkk
ik
T
,,
,
, minmax
min)(
Φ−Φ
Φ−Φ=Φ                             (3) 
ik ,Φ is the proximity of the T samples of the K index to the ik ,maxΦ , ik ,1 Φ− is the proximity of the 
first K index to the ik ,minΦ , i  stand for the i interval ( )2,1=i , ( )TkΦ  is specific value of the T samples 
of the K index. ik ,maxΦ  is the interval upper bound of the ( )TkΦ , ik ,minΦ  is the interval lower of the 
( )TkΦ .
5) According to the proximity of the each index to the level value determine aggregation state function 
matrix. 
6) Take the data in the aggregation state function matrix input the GENREC file analysis software, run 
the software and get the output. Obtain the importance sum value )3,2,1( =ifi in the three diffident levels 
by integrating index of safety culture. 
7) Calculate the show degree )3,,2,1( "=ipi  of the level value at the final evaluation. 
)3,2,1(
minmax
min =Φ−Φ
Φ−= ifp
ji
ji
i                           (4) 
8) Calculate the final evaluation W of the enterprise safety culture. 
)3,2,1(/
3
1
3
1
== ∑∑
==
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i
ii
i
i                                (5) 
In the formula (5), )3,,2,1( "=ipi denotes the show degree of the level value in the final evaluation. 
)3,2,1( =iei is the lower bound of the low level ，the median of the middle level that mean (middle level 
lower bound + middle level upper bound)/2,the upper bound of the high level. 
According to the final evaluation value W, obtain the value of comprehensive evaluation of enterprise 
safety culture, and the main related factors are got from the principal component analysis to the 
improvement of the corresponding control measures and safeguards in order to maintain the current level 
or further meet enterprise safety requirements. 
5. Conclusion 
According to the characteristics of enterprise safety culture, this paper built the index system of enterprise 
safety culture in accordance with the theory of human errors. Making full use of the superiority of the 
principal component analysis and factor restructuring analysis in data processing, this paper established a 
assessment model of enterprise safety culture index system combined with methods of principal 
component analysis and factors restructuring analysis, which aims to provide a scientific and objective 
evaluation tool for enterprise safety culture level as well as to provide a means of the implementation of 
enterprise security work and the control safety incidents. 
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